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(54)ritle: LIPOSOMES COUPLED TO HORMONES 



(57) Abstract 



The invention relates to liposomes coupled to a hormone e.g. a cytokine in which the hormone retains spedflc bindii^ ac- 
tivity to its cell membrane receptor and to a process for making them, llie liposomes of the invention may be used as deliveiy ve- 
hicles for tari^ted delivery of a diagnosdc or pharmaceutical^ active substance. 
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condl oa Of th« cells. rnd,«i ao., "j™"' 
™ present In ^^^^^^ ^ 

i^ity on tumour cells, which «ay therefore he reeved by sJ^L 
targeting of cytotoxic drug*. specific 

However, i«„y of the above treatments have undesirable side 

" tt^' ^^^-^^ usuai^ l i 

beyond the particular cell type involved in allograft reWMT r 
-3ing t^e disorder, Por example, an essentia^^LtLtg 
the us. Of some known i«„suppressive drugs is that the ^ 
^suppressive action «kes the patient particularly susceptible 1 
to infection by bacteria or viruses that wo.ld be controlled Jy a ^ 
ormal immune .ystem. Another problem ««e especially assocl L vi J 
the del very of cytotoxic drugs as conjugates with LZ^^ H 
^ anubody o«y^.t be internalized into the c^^ 
t^toxi,«ntibo.fy conjugate exhibits specific binding, it failst f 
eliver the toxin to the u««nted eells. ^ . ^JZ' "'^ I 

re^uency of intemallxation, impractically high concent«^^ of « 

toxin-antibody conjugates must be used with c«L i 
risk of overall toxicity. corresponding increased | 

which'^'.f? ''''' ' ^"^^"^ * '•'«»^'««ic a^ent I 

^ ch an block or 1„. , ^^^^^ spec«icity 

and efficacy. It has been now found that these requirements may be 

hTdT " T'^"^""^ * ^^""^^ andl^il, 
the d«g.contai„ing.llposomes to hormones. By -hormone- is meanrT^ 

is^lt r ^ * ^^'^ "^-O^-^ and Which 

s able to indue, a metabolic response in the target cell upon 

ending to it. r«.ptor. This includes, ..g. endocrine horZ which 

- conv^ed i«j:ivo by the blood f ro. on. org« to «u>th.r as wel 

as paracrine ho^ones and cytokines which are cell-to-cell medial^L 

couplLTT' ^"^"^ ^^-^ are 

coupled to a hormone having a biologically active cell receptor 

blading sit. Which is available for interaction .ith cells earing 
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cytotoxic drugs for possible therapeutic use e ir 

j„ ^rr;. - 

«<»pt.t ™i thu, tall „ J, i,t«.u«j. 
"l.y« M>bnn. «,cX..i«, „ ^ 

.t. rrffr ^^^^ m^pmu. 

l» p»M„ ,1. Up^ 
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methotrexates the last being particularly preferred. 

With respect to cyclosporin A, .(Saadi«nune«) intravenous 
administration of the pharmaceutical compound in treatment of organ 
transplantation or graft-versus-host disease is normally at a dosage 

1 T^'T '^ """^ ''^'''^ approximately a factorif 
hree. «»n administered using the delivery vehicles of the present 
inv«tion, lowr dosage, ^ b» «ep.„«l to achieve comparable 
effect, in vi«, of th. targeted delivery of th. drug to immune system 
cells responsible for the disease conditions. 

Methotrexate has been successfully encapsulated in amounts o| 
20^0 pg/mg lipid the concentration of vhich vas then adjusted t| 
produce 0.3081 HBtiKrtrexate in aguB^ | 
administration. t 

According to another aspect of the invention, there is providl" 
a process for linking liposomes to a hormone, having a biologicalll 
active cell receptor binding site. 

Such a process comprises* 

a) fixing a coupling ag«»t to liposomes and then reacting vi_ 
the hormone, or % 

b) fixing a coupling agent to the hormone and reacting with I 
liposomes or, . 

c) . fixing a first coupling agent to liposomes, fixing a second 

coupling agent to the hormone and then reacting the coupling 
moietiiBs together. 

the alternative process c) being particularly preferred. 

It may also be dwirable to introduce a linker arm having 4 to 6 
carbon atoms between the liposome and th. ligand so that steric 

hindrance may be avoided. This linker arm may be attached to the 
liposome or the hormone, preferably to the liposome. In this case, 
the use of a single coupling agent is preferred for linking the 
linker arm. as fixed to the liposome or to the hormone, to the 
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^" r/r:::- ^^^^^^^ - 

bladliw site t« vi.T^ / antibody is removed froo, the 

««g Site to yield a site capable of interacting with th« 
appropriate. C.U r««ptors for the hornone. 

More particularly, the binding site of lL-2 which is located 
between nine acid residues 20-30 of th. » i , 

sutlonar, pta« . . ^. ^ ^^^^ ^ 
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Figure 8 shows a reaction for coupll,^ Phosph.tldylethanola«i« 
to camphoquinone-10-sulphonlc add. 

fi^P^^ ^- Protection and wdlflcatlon of XL-z 

A protein-A agarose resin is reacted vith a HAb specific for the 
receptor binding site of IL-2 (available fro« Gensj^e L; cat^Ig 
«feren,e DMS-l) by vashing the resin vith PBS buffer, applying the 
^ to tiie resin, crosslinking the Mb to the resin in the presence 
Of 12.5r glutaraldehyde in PES for 60 «in at A'C and finally washing 
the resin again with biffer. ^ 

Then 50 of IL-2 1„ loo ul buffer is applied to the resin 
-upled to the MAb. and modified vith SHPB as Indicated in Figure 3 
SHPB is added to IL-2 in the molar ratio of 25:1. SMPB specifLuy 
reacts with the groups of lysine residues. The modified lL-2 is 
then eluud fro« the resin with 2M IfaSOT i„ o.os« Tris, pH 8 followed 
^a^second elution treat^t with 61 betaine in 0,2K Icetic acid 

able To b?! TT' "'"'"^ '""'"^ "^'•l^*"^ 5MPB is 

to bind to the IL-2 receptor of target cells. Furthermore, in an 

^tibo^y to the receptor binding do«ai„ of lL-2. as is «»«odifled 
IL-2 eluted from the column under the same conditions. 

In an alternative procedure. MBS (maieimldofaenroyl-N-hydroxy 

ester, a derivative of SHPB) is also used' o ^1^2. 

in a receptor binding assay and in the anti-IL-2 ELISA. 
Example 2 t Synthesis of SATA-OSPE (See Fig. 4) 

With 's^'Jol'dlT 'T^°^""^^-^-«^^^'»Wtate (SATA, is mixed 
With. 75 ^ of distearoyl phosphatidylethanolamine (DSPE) in a round 
botto^flss.. then 15 ml CHCl^.HeOH (1:1, is added f ol b 
100-135 .1 tr^ethylamine. The flas. is then flushed with nitro^^en and 
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rati.'! Z"' TTT ^^-°SP8 i» the above ' 

ratio is dissolved la 1 aa CECl, , dried to . ai. „«der nitrogen Z 
Chen further dried under vacuum overnight. ^ ^ 

The lipid film is dispersed in I m ebs buffer dh a i . «o 

.0 „in, sonicated vith a prohe sonicator .or n^af^^^^^^ 

soULr " - the 

0.9 »l of the SU7 prep«r«tloi, (.bo« 10 mg of lipids) is th«n 
applied to a Sephacr.1 S30a colu« to remove Je free ^. sp^ „ 
incorporated into liposomes,. The column i, fi„t presaturatL vlT 
C.cholesteroI (2:1, SU.s in PBS, 1 mH HWA 0,2 L fJTj^.. 
the recovery of SATA-DSPB SUVs in the column flov through. SATA^e 

■ "^^^^ ^ Preparation of drug-containing liposomes 

Example 3 a> is repeated except that the PBS buffer used to 
disperse the lipid film contains SS »ir/.i 

SOW'S « w wntains 33 b^/bI of methotrexate. SATA-DSP8 

SOV s containing methotrexate are ohtained. 

IS«Ele4' Attachment of IU2 to liposomes 

'J" SMPWL.a Of Example 1 is covalently coupled 

t^ ough it. maleimido groups to the ms of Example 3 a, or 3 b, 
Wth reference to Figure 5. the coupling is achieved as folio vs: 

The suVa containing SATA-DSPB are first activated by 

m J T Mroxylamlne Is added to 1 ml of the ' 

Sinr preparation of Example I. (IQ n«/ml m PBS). Incubation is 
parformed for 30 min at 22«C under argon. 



wo 89/11270 



PCr/EP89/00521 



- 14 - 



After purification, the activated lipid is incorporated into ' 
liposomes whereby drug or marker is entrapped in standard fashion. 
The liposomes are then ready for reaction with free protein 
sulfhydryls either present on the unmodified protein, or with 
derivatives prepared as described belov. 

Por example. SATA may be used in liBtting concentration. Thus, 
to a solution of IL.2 at about pH 8 may be added a solution of SATA T 
in DMP or dioxane. The amount of substitution may be controlled by I 
limiting the quantity of reagent. The sulfhydryl is then deblocked b| 
the addition of hydroxyiaaine and the IL-2 immediately coupled to t 
liposomes having the maleimido group on the surface. | 

HxamEle_6, Modification of IL-2 at selected (limited) lysine residuel 

The most abundant and available protein reaction sites are l 
lysine (ME, groups,. Since some of the lysine residues are located at f 
the receptor binding site, any attempt to use the lysine residues for* 
coupling must comprise limiting the lysine residues which actually 1 
undergo a reaction. 

If the reactivity of the critical lysine residues is much faster * 
than or at least comparable to most of the other lysine residues, the 
method shown in Figure 7 may be employed. In this method essentially 
all but a few lysine residues are first derivatized with a reversible 
blocking agent. Using only enough reagent so that the most reactive 
or accessible lysines are blocked, or after blocking followed by 
partial deblocking, the remaining lysine residues are then 
derivatized by using . large excess of a coupling agent, e.g. SATA. 
To a solution of II.-2 in borate buffer at pH 8.8 is «lded citraconic 
anhydride, maintaining the pH by addition of 1 N sodium hydroxide. 
The citraconic acid groups can be removed at pH 2, and this reaction 
can. be interrupted by again raising the pH. SATA is added in excess 
to the solution at pH 8.8, derivatising all free amines. The excess 
reagent is removed by dialysis and the remaining citraconic acid 
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used; for total Injdvo uptake by target cells nltrilotrlacetlc acid 
(NTA) is preferably used. 

In a conventional Modistrlbution study, suVs of a given 
composition are prepared in the presence of chelating agent and 
lndiun.-lll for passive encapsulation of indium, or the ionophore 
A23187 for subsequent active encapsulation of Indium-lU into 
preformed liposomes. In either situation the liposomes are separated 
from unencapsulated materials by treatment with additional EDTA. ... 
followed by column chromatography. ^ 

Biodistributlon measurements are conducted by Injecting the f 
study animals Intravenously with the "^In-liposome/IL-2 complex. M 
several times after injection (for example at 1, 3, 6 and 24 houts|^ 
animals are sacrificed and tissues collected for gamma counting. | 
Liposomes loaded with »"In-EOTA may be used for initial 
biodlstribution studies. This tightly bound chelate complex allows 
measurement of Invlvo retention times for the liposomes. Experimen 
performed relating to the present Invention have shown that 
»"In.BDrA alone is rapidly cleared in vivo . Therefore, any recover| 
Indium-111 activity may be interpreted as "*ln-liposo«e/lU2. | 

Uptake of liposome/IL-2 by lymphocytes in a test animal may be I 
studied using the i"ln-NTA complex. This relatively weak chelate 
complex has been shown to maintain Indium-lU in the aqueous 
compartment of liposomes, but quickly to release Indium-Ill once the 
chelate is in the proximity of protein or carbohydrate 
macromolecules. Therefore, treatment of study animals with "xin-NTA- 
liposome/lL-2 formulations provides a means for measuring cumulative 
uptake by lymphocytes. 

This may be accomplished by treating animals with the i"In-NTA 
formulations. Test animals may be given single or multiple (2-3) 
Injections of the »"ln-NTA liposomes by either intravenous or 
intraperitoneal routes of administration. At various times after 
treatment, animals are sacrificed and lymphocytes Isolated from, for 
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animal models in which T-lynphocytes can be reproducibly activated. 
Tvo models that are readily available are the rat skin allograft 
model and the rat bum model (30« body surface). Using either model, 
groups of anioals vould receive either llposome/IL-2-contalning the 
imfflunosuppresslve drug, or only llposome/IL-2. Retention of the 
allograft as the animal undergoes a protocol of llposoBe/IL-2 
treatment is then measured. Those receiving llposome/IL-2 without the 
liposome-lncorporated drug vill readily reject the graft due to 
presence and cytolytic activity of activated T-cells in the area of 
the graft, atematlvely, liposome/IL-2 containing a drug of choice 
may also be used In the cpurse of either the rat or mouse leukemia 
model. Tests have shown that the llposome/IL-2 complex of 
Example 4 is attracted to activated T cells In vitro . 

The present delivery vehicles may be used in a variety of 
therapeutic contexts, including mammalian disease therapy and in vivo 
diagnosis, and blodlstrlbution studies have shown significant 
advantages. When practiced using small unilamellar liposomes, which 
have been shown both to be useful in targeting solid tumors and to 
have greater circulation times than other vehicles, the present 
delivery vehicles may be used to deliver medicinal agents or 
diagnostic markers (as for example radioactive labels, fluorescent 
molecules and Mffl-lmaglng agents such as magnetite) to neoplastic 
cells or particular organs of the body such as the liver. As 
contemplated herein, where the cell population of Interest is 
characterized by a cellular receptor such as the interleukin.2 
receptor, the present delivery vehicles may be utilized to deliver 
cytotoxic, regulatory, diagnostic or other molecules In a targeted 
■anner. Thus, In the case of the llpo8ome/IL-2 delivery vehicle of 
the present invention, active agents may be deliv«r«i to lymphocytes 
so as to treat, regulate or diagnose conditions involving malfunction 
of the immune system (including genetic or non-genetic autoimmune 
diseases such as rheuntoid arthritis, juvenile onset diabetes, 
systemic lupus erythematosus and others, as well as transplantation 
responses such as graft-versus-host disease), lymphocyte-related 
cancers (including lymphomas and leukemlas such as adult or chronic 
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Claims » - 



1. Liposomes which are coupled to a hormone having a 
bxologxcally active cell receptor binding site. 

cytoJ;.."'"""" " ^'^^ ' ^« ^^^^ the hormone is a 

InterLl^ ^:,r"'^ ^ -Cine 1, 

4 Liposomes according to any one of claims 1 to 3 vhich 
encapsulate at least one cytotoxic drug. 

5. Liposomes according to any one of claim* l ^ 
Of Vhich comprise, phosphatidylethLlamil ""^""^ 

SMPB residue being linked to the hormone. 

couplld to'teTLTr"* " ^^^^-^ ^ ' ^^'^ - 

carbon lilr JL:"^" ^ ' ^""^"'^ -^-^^ - - ^ 

8. Liposome, according to any one of claims 1 to 7 vhl.h 
small unilamellar vesicles. 

couplld "Thr*"'*"' ^ « - 

is not J ! ^'^^ hormone which 

from ly.i«,. cysteine, arginlne and hlstidine residues. 

bio ,f """""^ "•«»"'«^ « '•-'"one having a 

biologically active receptor binding site vhich comprises eiLer 
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a) fixing a coupling agent to liposomes and then reacting vlth 
the hormone, or 

b) fixing a coupling agent to the hormone and reacting with 
liposomes ort 

c) fixing a first coupling agent to liposomes, fixing a second 
coupling agent to the hormone and then reacting the coupling 
moieties together. 

U. A process according to claim 10 which comprises fixing td 
the liposomes a coupUng agent which is selected from I 

succinimidyl-4-(p-naleimidophenyl)-butyrate (SMPB), and sulphur- 
containing suceittiaidyl compounds. 

12. A process according to claim 11 which comprises fixing 
succlnlmidyl-S-acetylthloacetate (SATA) to liposomes. 

13. A process according to claim 10 which comprises fixing to| 
the hormone a coupling agent which is selected from | 
succinimidyl-4-(p-maleimldophenyl)butyrate (SMPB), sulpho-SHPB, | 
N-(4-carboxy-cyclohexyl-methyl) malelmide (SMCC), sulpho-SMCC, f 
H-aaleimldobenxoyl-S-hydroxyaucclnlmlde ester (MBS), sulpho-MBS, | 
N-sucdnlmidyl (4-lodoacetyl) amlnobensoate (SIAB) and sulpho-SIAB.I 

14. A process according to claim 13 which comprises fixing 
succinimldyl-4-(p-maleimidophenyl),butyrate (SHPB) ta the hormone. 

15. A process according to claim 10 wbiefa comprises fixing SATA 
to liposomes, fixing SMPB to the hormone and then reacting the 
coupling moieties together. 

16. A process according to any one of claims 10 to 15 in which 
the cell receptor binding site of the hormone is reversibly protected 
before fixing the coupling agent. 
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AMENDED CLAIMS 
[received by the Intenatioiiai Bunau on 2 November 1989 (02.11^9) 
oTjBfnal daim 1 amended ; other cknnsundiangedC I page)l 



1. UposoBM vilieli «r« coval«itly coupled to a bonnone having a 
biologlcaUy active cell receptor binding site. 

2. Liposomes according to claim 1 in which the hormone is a 
cytokine. 

3. Uposemes according t» claim 2 in which the cytokine is 
interlettkin-2 (IL-2). 

4. Liposomes according to any one of claims 1 to 3 which 
encapsulate at least one cytotoxic drug. 

5. Liposomes according to any one of claims 1 to 4 the membrane 
of which comprises phosphatidylethanolamlne. 

6. Liposomes according to any one of claims 1 to 5 which are 
coupled ta the hormone hy a coupling moiety comprising a SATA and a 
sra residue said SATA residue being linked to the liposomes and said 
SUM residue being linked to the hormone. 

7. Liposomes according to any one of cUims 1 to 5 which are 
coupled to the hormone by a coupling moiety comprising a 4 to 6 
carbon linker arm. 

8. Liposomes according to any one of clalms l to 7 which are 
small unilamellar vesicles. 

9. Liposomes according to any one of claim 1 to 8 which are 
coupled ta th. hoBwne at an amino acid residue on the hormone which 
is not located at tixe receptor binding site and which is selected 
from lysine, cysteine, arginine and histidine residues. 

10. A process for coupling liposomes to a hormone having a 
biologically active receptor binding site which comprises either 
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figure 6 
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Figure 8 
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